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[57] ABSTRACT

Disclosed is a transparent panel capable of transmitting
a desired proportion of visible radiation while reflect-
ing a large proportion of incident solar radiation, and a
method of preparing same, by sputtering an iron, nickel
and chromium alloy to obtain a transparent metal film,
and reactively sputtering the same or a similar alloy in
the presence of oxygen. In one preferred embodiment,
the metal film lies between the substrate and the metal
oxide film which provides a continuous protective
overlayer. In another preferred embodiment, the metal
oxide film lies between the substrate and the metal film.
The use of such panels can matenally reduce the en-
ergy required for summer air conditioning when used
for glazing in a building, vehicle or other structure.

15 Claims, 8 Drawing Figures
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TRANSPARENT PANEL HAVING HIGH
REFLECTIVITY FOR SOLAR RADIATION AND A
METHOD FOR PREPARING SAME

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to a transparent panel of par-
ticular value in buildings, vehicles or other structures
where it is desired to admit light while excluding much
of the solar energy, thus decreasing the amount of air
conditioning or cooling required and conserving en-
ergy. This panel comprises a transparent substrate, a
thin metal film containing predominantly iron, nickel
and chromium, and a metal oxide film containing pre-

dominantly the oxides of the same three metals. Prefer-
ably, the metal film is deposited by sputtering a suitable
alloy in an inert gas, and the metal oxide film is formed
by reactively sputtering the same or a similar alloy in
the presence of oxygen. This multilayer coating has
been found to be highly reflective to infrared radiation
while transmitting a desired proportion of visible radia-
tion. Thus, the coating serves to reject a large fraction
of the incident solar energy. Further, when the metal
oxide film is an overlayer, it provides a durable protec-
tive coating for the metal film.

2. Description of the Prior Art

For many years the glass industry has employed sev-
eral different methods of altering the optical properties
of panels used as windows in the automotive and build-
ing industries. Some of these methods consist of coat-
~ ing glass or plastic substrates by vartous methods such
as chemical vapor deposition and physical vapor depo-
sition, including sputtering. The optical properties of
panels are also modified by altering the composition of
the bulk substrate material. Products manufactured by
these methods have been only partially successful in
reflecting solar radiation to the degree required for
significant energy conservation.

Satisfactory coatings for architectural uses are ob-
tained only when the coating process is capable of
producing a film of uniform composition and thickness.
Further, the process must not warp or otherwise de-
grade the substrate by overheating. Even when a uni-
form film is produced it must usually be protected
against atmospheric corrosion and abrasion resulting
from wind born dirt and periodic cleaning.

Where fragile films are used in architectural panels,
the panels are often mounted such that the film i1s on an
interior surface which is not exposed to the weather.
Some films must be further protected by mounting
them such that the film is on an interior surface of a two
panel composite. When a panel is mounted such that
the reflecting film is on an inner surface, the solar radi-
ation must pass through the substrate twice, first as it
enters and then as it leaves, thus warming the substrate
even more than with a single pass.

A fragile metal film is also protected by overlaying
the metal film with a film of various metal oxides. U.S.
Pat. No. 3,826,728 discloses an architectural panel in
which a sputtered film of nickel-base alloy, such as
INCONEL 6190, is overlayed with a film of silicon oxide
or aluminum oxide. U.S. Pat. No. 3,846,152 discloses
an architectural panel in which a film of nickel is over-
layed with a film of copper oxide.

When both the metal film and the protective materlal
are applied by sputtering, the use of two different sput-

tering targets is frequently required. Further, two sepa-
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rate power sources are generally required becasue a
direct (d.c.) potential is preferred for sputtering a
metal target, but a radio frequency alternating (a.c.)
potential is preferred for sputtering a non-conductive
target, such as aluminum oxide.

In coating a substrate by sputtering, the substrate is
placed near a target where it can receive the sputtered
material. The system is contained within a chamber
which is evacuated, and a quantity of an inert gas, such
as argon, is admitted. In d.c. sputtering, an electric
potential, generally of several hundred volts, is applied
between an anode and the cathode target to produce a
glow discharge plasma. Inert gas ions formed in the
plasma are attracted to the cathode target where they
impact and erode the target material. The sputtered
atoms deposit on the substrate and form a coating on
the surface.

In has been observed that the chemical composition
of the deposit obtained by d.c. sputtering 1s substan-
tially the same as that of the bombarded target, and
that the film adheres to the substrate more strongly
than films obtained by such processes as vacuum evap-
oration.

In reactive sputtering, a gas, such as oxygen, which
will chemically react with the target material, 1s admit-
ted to the chamber during the sputtering process. The
substrate becomes coated with the reaction product of
the target material and the reactive gas.

Sputtering is ordinarily a relatively slow process, but
the rate can be significantly increased by utilizing a
magnetic field to confine the glow discharge plasma.
One such source is described in an article by John S.
Chapin entitled “The Planar Magnetron™ which was
published in Research/Development January 1974, pp.
37-40.

SUMMARY OF THE INVENTION

The present invention is directed to a transparent
panel having a high degree of reflectivity for solar radi-
ation. The panel comprises a substrate, a continuous
metal film comprising predominantly iron, nickel and
chromium, and an oxide film comprising the oxides of
the same three metals.

The substrate may be a crystal, a glass, a polymer or
other similar transparent material. In one embodiment
the metal film lies between the substrate and the metal
oxide film which provides a durable protective over-
layer. In another embodiment the metal oxide layer lies
between the substrate and the metal layer.

The invention is also directed to a method of produc-
ing the product panel. The metal film is preferably
deposited by sputtering a target of a first alloy in the
range about 0.5 to 81 weight percent iron, about 3 to
85 percent nickel and about 14 to 26 percent chro-
mium. The oxide film is preferably deposited by reac-
tive sputtering a second alloy of the same composition
range in the presence of oxygen. The first alloy and the
second alloy may be the same, in which case the metal
radicals of the oxide film are present in substantially
the same proportions as the proportions of the metals
elements in the metal film.

The composition range just indicated includes most
of the standard AISI series of austentitic stainless steels

-and the senies of INCONEL alloys currently marketed

by International Nickel Corporation. Two alloys, 316
stainless steel and INCONEL 600 alloy are especially
preferred because of their superior resistance to corro-
sion caused by atmospheric exposure.
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A transparent panel produced according to the mn-
vention reflects a surprisingly large proportion of inci-
dent solar radiation. Any desired fraction of the visible
radiation can be transmitted depending upon the thick-
ness of the metal film. '- |

A panel has a characteristic color when viewed by
reflected daylight with the oxide film, rather than the
metal film, toward the observer. Because of optical
interference phenomena, different colors are obtained
depending upon the thickness of the metal oxide film.

In the order of increasing thickness, the first order
interference colors are silver, gold, red and blue. For
still thicker layers, the second order interference colors

appear in the order, silver, yellow, red, purple, blue and
green. |

If the metal film is placed between two films of metal
oxide, then the panel can have the same or a different
appearance when viewed from different sides.

When used as an overlayer, the metal oxide film
provides a durable protective coating for the metal
film. Because this coating will withstand weathering
and considerable abrasion, the panel may be mounted
with its coated surface as the exterior surface of a
building or vehicle.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagramatic representation of a sputtering
apparatus for depositing a metal film and a metal oxide
film according to the invention. The substrate 2, target
4 and anode 8 are shown in transverse section.

FIG. 2 is a diagramatic representation of the appara-
tus of FIG. 1, with the substrate, target and anode
shown in longitudinal section.

FIG. 3 is a perspective view of a target with an array
of permanent magnets 6 for confining the glow dis-
charge plasma to increase the rate of deposition on the
substrate. | |

FIG. 4 is an enlarged transverse section of the target
and a permanent magnet which illustrates the general
shape of the lines of magnetic force § and the trough 7
which is eroded by the sputtering of the target.

FIG. 5 is a graph illustrating the spectral transmit-
tance and reflectance of a sample of architectural panel
having a metal film deposited on the substrate by sput-
tering the INCONEL 600 alloy 2nd a metal oxide over-
layer formed by reactively sputtering the same alloy in
the presence of oxygen. ‘

FIG. 6 is a cross-sectional view of a transparent archi-
tectural panel produced in accordance with this inven-
tion.

FIG. 7 is a graph illustrating the spectral transmit-
tance and reflectrance of an architectural panel having
a metal film deposited on the substrate by sputtering
316 stainless steel and a metal oxide overlayer formed
by reactively sputtering the same alloy in the presence
of oxygen.

FIG. 8 is a graph illustrating the spectral properties of
an architectural panel having an oxide film deposited
on the substrate by reactively sputtering 316 stainless
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the same three metals. With reference to FIG. 6, in a
first embodiment, the inner layer 13 next to the sub-
strate is metal and the outer layer 14 is metal oxide. In
a second embodiment the inner layer 13 is metal oxide
and the outer layer 14 is metal. In the second embodi-
ment, the metal layer is preferably overlayed with a
layer of protective material (not shown). The protec-
tive material may be glass, plastic or a layer of metal
oxide. ;

The substrate is preferably a material which has supe-
rior structural properties and minimal absorption in the
visible and near-infrared spectral regions where the
solar energy is concentrated. Crystalline quartz, fused

silica, soda-lime silicate glass, and plastics such as the
polycarbonates and acrylics are all preferred substrate
materials. '

The metal elements of the metal film are preferably
in the range about 0.5 to 81 weight percent iron, about
3 to 85 percent nickel and about 14 to 26 percent
chromium. The metal film thickness is preferably be-
tween 3 and 60 nanometers (nm), depending upon the
desired transmittance of visible radiation. The metal
radicals in the metal oxide film are also preferably in
the range about 0.5 to 81 weight percent iron, about 3
to 85 percent nickel and about 14 to 26 percent chro-
mium. If a durable protective film is desired, the metal
oxide film thickness should be greater than about 10
nm. Thicknesses greater than about 300 nm are possi-
ble, but generaily not desirable because of the required
processing time. |

The invention is also directed to a method of produc-
ing the above characterized product by sputtering.
Sputter coating is preferred because a substrate can be
coated with films having uniform thickness and compo-
sition. A continuous metal film can be produced with
few “pin holes” which allow radiation to pass unattenu-
ated. Similarly, a continuous oxide film can be pro-
duced with a uniform appearance and with few voids to
subject an underlying metal film to localized corrosive
attack. *

A sputtering apparatus suitable for producing a trans-
parent panel according to the invention is shown in
FIGS. 1 and 2. A chamber 1 is provided with a conven-
tional means 9, such as a diffusion pump, for evacuat-
ing the chamber. A number of rollers 3 and other
means (not shown) are provided for passing the sub-
strate 2 back and forth adjacent the target 4. The sub-
strate position, whether horizontal or vertical or
whether above or below the target, is not critical, but it
is preferred that the substrate be moved in a horizontal
plane parallel to and beneath the target. A conven-
tional power supply 11, preferably a constant current
supply, is connected between the cathode target 4 and
an anode 8. ‘“he anode must be an electrical conductor
but the shap:, location and composition of the anode
are not critical. |

The sputtering source shown is a planar magnetron
source in which a particular magnetic field is used to
concentrate and confine the glow discharge plasma.

steel and a metal film deposited on the oxide film by 60 This is accomplished by arranging a number of magnets

sputtering the same alloy.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

The invention is directed, first to a product, which
comprises a transparent substrate, a continuous metal
film comprising predominantly iron, nickel and
chrominum, and an oxide film comprising the oxides of

635

6 around a closed path on the upper surface of the
target as shown in FIG. 3. As illustrated in FIG. 4, the
magnets produce a magnetic field having lines of force

-5 which emerge from the target, extend into the space

between the target and the substrate and return to the
target. In operation, the glow discharge plasma is con-
centrated in a closed loop which lies near where the
magnetic field is parallel to the surface of the target.
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Consequently, as the sputtering process progresses, a
trough 7 is eroded along a closed path on the surface of
the target. A planar magnetron sputtering source is
preferred because it allows production of uniform coat-
ings on large surfaces at high deposition rates.

The target is preferably a flat plate of an alloy com-
prising predominantly the metals iron, nickel and chro-
mium. In order to minimize shuntmg of the magnetic
field of the planar magnetron source, it is preferred that
the alloy be non-magnetic or only weakly magnetic.

The target alloy may be one of standard AISI austen-
tic stainless steels. The compositions of these stainless
steel alloys are tabulated in Metals Handbook, Amerni-
can Society of Metals, Eighth Ed., Vol. 1, p. 409, 1961.
These stainless steel alloys lie in the range from about
45 to 81 weight percent iron, about 3 to 22 percent
nickel and about 16 to 26 percent chromium. Other
metals may be present in lesser amounts.

Stainless steel types 316, 316L and 317 are especially
preferred because of their high resistance to atmo-
spheric corrosion. This especially preferred composi-
tion range is about 57 to 72 percent iron, 10 to 15
percent nickel and 16 to 21 percent chromium.

The especially preferred alloy stainless steel 316 has
a nominal composition of 68 percent iron, 12 percent
nickel and 17 percent chromium. In addition it con-
tains 2% to 3% molybdenum, and up to 2% manganese,
1% silicon, 0.08% carbon, 0.045% phosphorus and
0.03% sulphur. Here, as throughout this specification,
the alloy composition is Spec1fied by percentages given
on a weight basis.

The target alloy may also be one of the series of
INCONEL alloys currently marketed by the Interna-
tional Nickel Company. The compositions of these
INCONEL alloys are tabulated in Huntington Alloys
Handbook, The International Nickel Company, Fifth
Ed. 1970. These INCONEL alloys lie in the range from
about 30 to 85 weight percent nickel, about 0.5 to 46
percent iron and about 14 to 25 percent chromium.
Other metals may be present in lesser amounts.

INCONEL alloys 600 and 610 are especially pre-
ferred because of their high resistance to atmospheric
corrosion. This especially preferred composition range
is about 5 to 10 percent iron, 70 to 81 percent nickel
and 14 to 17 percent chromium.

The especially preferred INCONEL 600 alloy has a
nominal composition of 8 percent iron, 76 percent
nickel and 15.5 percent chromium. In additton 1t may
contain a small but variable amount of cobalt, 0.08%
carbon, 0.5% manganese, 0.008% sulphur, 0.25% sili-
con and 0.25% copper.

The choice of a particular alloy depends upon the
features desired in the final product. Some compari-
sons of the properties of panels coated by sputtering
INCONEL 600 alloy and 316 stainless steel will illus-
trate the factors involved. In general, the oxide layers
formed by sputtering INCONEL alloy have softer, less
saturated colors. Such colors may be more pleasing
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when the panels are used as the exterior walls of a

building. Further, less saturated colors can provide
slightly better solar rejection. Panels coated by reac-
tively sputtering stainless steel have more vivid colors,
which may be desirable when seeking to match the
color of windows to that of the body of a vehicle. Simu-
lated environmental testing of INCONEL coated pan-
els have shown slight deterioration when sub]ected to
heating and salt spray for extended periods. It is antici-
pated that stainless steel coated panels will be more
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resistive to abrasion and corrosive attack. In general,
INCONEL targets are more expensive than stainless
steel targets although the resulting difference in the
cost of an individual panel is slight because of the thin-
ness of the films.

In producing an architectural panel by the method of
the invention, the substrate is placed in the chamber 1,
which is then evacuated to a pressure of preferably less
than 0.1 millitorr to remove unwanted reactive gases.
Although not essential, the chamber may be flushed
with the sputtering gas and re-evacuated to a pressure
preferably less than about 1 millitorr.

The inert sputtering gas used for depositing the metal
film may be a member of the rare gas family, such as
helium, neon or argon. Argon is preferred, however,
not only because of cost considerations, but because
argon atoms have greater mass, and therefore the ions
are more effective in the bombardment of the target.

The reactive sputtering gas used for depositing the
metal oxide film may be an oxygen containing gas, such
as pure oxygen, a mixture of oxygen and an inert gas, or
an oxide gas, such as carbon dioxide.

The sputtering gas is admitted to the chamber
through conduit 10. Preferably, the sputtering gas is
added continuously during the sputtering process to
maintain the desired pressure and composition of the
gas in the chamber. The pressure is maintained by
coordinating the rate of introduction, the rate of evacu-
ation and the rate of utilization in the case of a reactive
gas. The chamber pressure is not critical, but it should
be substantially constant and sufficient to maintain a
stable glow discharge at the chosen operating current.
When a planar magnetron sputtering source is used, the
preferred pressure is 2 to 5 millitorr (mT). The practi-
cal lower and upper limits are about 1 and 50 mT,
respectively.

A glow discharge is established and maintained in the
sputtering gas by the power supply 11 which imposes a
d.c. electric potential of 200 to 1000 V between the

anode and the cathode target. The current is main-

tained at a desired value in the range 4 to 300 A de-
pending upon the area of the target.

The substrate 1s coated with a metal film when it
passes by the cathode target in the inert sputtering gas
and with a metal oxide film when in the reactive sput-
tering gas. The separation between the substrate and
the target is preferably 3 to 25 cm. The film thickness
may be varied by controlling the rate of movement and
the number of times the substrate passes the target.
Other factors which effect the thickness of the deposit
are operating current, gas pressure, magnetic field in-
tensity and the particular sputtering gas chosen. When
the sputtering operations are complete, the chamber is
brought to atmospheric pressure and the finished archi-
tectural glass is removed.

EXAMPLES

A target for a sputtering apparatus such as that re-
ferred to above, was fabricated from a plate of INCO-
NEL 600 alloy. The target measured 35.5cm X 135 cm
X 2.54 cm and was attached to a closed loop magnet
assembly which was 135 cm long. The anode consisted
of a rod of 316 stainless steel which extended along the
entire edge of the target.

The substrate was a 61 cm X 122 cm X 0.63 cm of
commercially available soda-lime silicate glass. The
substrate was first cleaned thoroughly by scrubbing
with detergent, rinsing with a water spray, and drying



4,022,947

7

with forced arr. The substrate was placed in the cham-

ber on a carrier which allowed the substrate to move

past the target at a constant rate. The substrate moved
in a honizontal plane parallel to the target surface and

separated by a distance of 11 cm. The chamber was

evacuated to a pressure less than 1 mT, then main-
tained at a pressure of 3 mT by the continuous addition
of argon. A glow discharge was established and a con-
stant current of 18A maintained. The d.c. potential was
560 V and the power consumption was 10.1 kW. The

magnetic field intensity at the glow discharge was be-
tween 100 and 400 Gauss which has been found quite
satisfactory for concentrating the glow discharge

plasma. A metal film was deposited by moving the glass
plate once past the target at a uniform rate of 5.0
cm/sec.

The argon was then turned off and the pressure main-

tained at 5 millitorr by introducing a reactive gas mix-
ture of 20% oxygen and 80% argon. A constant current

d

10

15

of 24 A was maintained with an electrical potential of 20

380 V and a power consumption of 9.1 kW. A metal
oxide film was deposited by again moving the substrate
once past the target at a rate of 1.3 cm/sec.

When the coated glass plate was removed from the
chamber the thickness of the metal film was found to
be about 25 nm which provides a transmittance of
about 11% at the visible (green) wavelength of 550 nm.
The reflectance was about 59% at the infrared wave-
length of 3um. The thickness of the oxide film was
found to be 80 nm which gives the coated side a gold
hue when observed by reflected daylight. Although the
unprotected metal film was relatively fragile, the metal
oxide film provided a durable protective overlayer and
a panel which was resistant to handling and weathering.
- Various parameters for Example 1 and six additional
examples are given in Table 1. In each of these exam-
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wavelength increases rapidly as the metal film thick-
ness decreases.

Curve R, in FIG. 5 is the reflectance of the film
covered side of Example 4. Curve Ry rises rapidly in
the ultra-violet and continues to rise slowly as the
wavelength increases. For thicker metal layers, the
reflectance curve retains this general shape, but as
indicated in Table I, the reflectance at a given infrared
wavelength increases slowly as the metal ﬁlm thickness
Increases.

Curve S m FIG. § represents reﬂectance data for

Example 7 which had a metal film of approximately the
same thickness as for curves Ry and T, but which had a

thicker layer of metal oxide. Comparing curves Rr and
S, increasing the thickness of the metal oxide layer
tends to shift the reflectance curve toward longer wave-
lengths thereby producing a change in hue from silver
to gold. As indicated in Table I, oxide films having
thicknesses between about 30 and 80 nm have a gold
hue; thinner oxide films have a silver hue.

A target for the sputtering apparatus was also fabri-
cated from a plate of 316 stainless steel. Panels were
prepared by coating glass substrates in a manner similar
to that described for Example 1. Process and spectra
data for four such panels are given in Table II. In each
of these examples, the target was 316 stainless steel, the

‘inert gas was argon and the metal layer was deposited

in a single pass at the rate indicated in Table II. The
reactive gas was commercially pure oxygen. The oxide
layer was deposited in a number of passes which were
at different rates in some instances, as indicated in
Table II.

TABLE 11

PROPERTIES OF FILMS OF
SPUTTERED 316 STAINLESS STEEL

ples, the target was INCONEL 600, the substrate was ~ EXAMPLE NUMBER 8 9 10 1l
glass, the metal film was deposited in a single pass with ~ Metal Film | . : : :
an inert gas of argon, and the oxide overlayer was de Porential (V) 80 510 620 460
posited in a single pass with a reactive gas mixture of 40 cuyrrent (A) 15 15 T 13
20% oxygen and 80% argon. Power (kW) 8.7 7.8 7.8 5.8

TABLE I, '

PROPERTIES OF FILMS OF
SPUTTERED INCONEL 600 ALLOY

EXAMPLE NUMBER 1 2 3 4 6 7
Metal Film - -
Pressure (mT) 3 3 2 2 2 2 2
Potential (V) 560 550 580 610 580 600 630
Current (A) 18 15 15 18 12 12 18
Power (kW) 10.1 8.2 87 110 70 72 113
Rate of pass (cm/sec) 4.9 4.9 4.6 46 49 4.9 4.6
Film thickness (nm) 25 20 20 30 10 10 30
Metal Oxide Film |
Pressure (mT) 5 5 5 S S S
Potential (V) 380 380 370 400 370 380 400
Current (A) 24 24 24 24 24 24 24
Power (kW) 9,1 9.1 89 9.6 89 91 9.6

 Rate of pass (cm/sec) 1.3 6.2 1.3 6.2 1.3 1.0 1.3
Film thickness (nm) 80 20 80 20 60 30 60
Transmittance at 500 nm 11% 13% 14% 9% 20% 20% 8%

Reflectance at 3 um 59% 55% 57% 60% 49% 42%  63%

Hue by reflected light gold silver gold silver gold silver  gold
.. Rate of pass (cm/sec) 4.9 4.9 4.9 4.9
Typical Spectral data for the coated glass plate of ~ Flim thickhess (nm) 20 18 18 13
Example 4 are shown in FIG. §. The transmittance  Pressure (m1) 3 3 3 3
curve T has 2 maximum value of about 9% in the visible gz_t;l;_:lital( g \;) 32? | 322 332 | 322
and generally decreases slowly toward longer wave- 65 poyer (kW) 76 91 9.1 9.1
lengths. The transmittance curve for a sample havinga  No. of passes at 1at1.0 2at1.0 7atl0 8atl0
thinner metal film also has this general shape, but, Rate (cm/sec) a6z Tadl lat162
indicated in Table I, the transmittance at a given vmlb)e Film thickness (nm) 15 S0 120 150
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TABLE H-continued

PROPERTIES OF FILMS OF
SPUTTERED 316 STAINLESS STEEL

EXAMPLE NUMBER 8 9

10 il
Transmittance at 550 nm 10% 0% 6% 8%
Reflectance at 3 um 56% 55% 43% 46%
Hue by reflected light gold blue red purple
Interference Order 1 i 2 2

The general behavior of the reflectance of Example 8
was similar to that of Example 7 as illustrated by curve
S in FIG. 5. The transmittance of Example 8 resembled
curve T of FIG. § but the maximum was broader result-
ing in less vanation the visible spectral region from 400
to 800 nm.

Because of 1ts thicker oxide layer, Example 10 exhib-
its a second order red hue when the film covered side is
viewed in daylight. Curve R in FIG. 7 illustrates the
reflectance of this surface. This curve has a minima
near 1300 nm, a maxima near 750 nm (red) and an-
other minima near 520 nm. Related variations are evi-
dent in the transmittance of Example 10 as shown by
curve T 1n FIG. 7. Curve R, in FIG. 7 1illustrates the
reflectance of.the uncoated glass side of Example 10.

In the preceeding examples, the metal film was de-
posited directly on the substrate, and the metal oxide
film was deposited as a protective overlayer. In the
second embodiment of the invention, the metal oxide
film lies between the substrate and the metal film. This
second embodiment allows the appearance of the un-
coated surface of the substrate to be varied depending
upon the thickness of the metal oxide layer.

Example 11 was prepared according to the second
embodiment. A film of metal oxide was deposited on a
glass substrate by reactively sputtering in a mixture of
20% oxygen and 80% argon. A film of metal was then
deposited by sputtering the same alloy in argon. Vari-
ous data for Example 11 are given in Table II and FIG.
8.

Curve R, in FIG. 8 is the reflectance of the uncoated
glass side of the panel. This curve shows the mnfluence
of the metal oxide film which is between the other
sutface of the glass and the metal film. When viewed in
daylight this uncoated surface has a purple hue charac-
teristic of second order interference in the oxide film.

Curve Ry in FIG. 8 is reflectance of the exposed
metal film of Example 11. This curve somewhat resem-
bles curve R of FIG. 7. The shape of the transmittance
curve T in FIG. 8 is also similar to that of curve T in
FIG. 7. |

What is claimed 1s:

1. A transparent article having a high reflectance for
solar radiation, comprising:

a transparent substrate;

a metal film wherein the metal elements comprise 0.5

to 81 weight percent iron, 3 to 85 percent nickel
and 14 to 26 percent chromium; and
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a metal oxide film wherein the metal radicals com-
prise 0.5 to 81 percent iron, 3 to 85 percent nickel,
and 14 to 26 percent chromium.

2. The transparent article of claim 1 wherein the
metal film has a thickness of 3 to 60 nm and the metal
oxide film has a thickness of 10 to 300 nm.

3. The transparent article of claim 2 wherein the
metal film in deposited by sputtering and the metal
oxide film is deposited by reactive sputtering.

4. The transparent article of claim 3 wherein the
metal elements and the metal radicals are in the range
45 to 81 weight percent iron, 3 to 22 percent nickel and
16 to 26 percent chromium.

5. The transparent article of claim 4 wherein the
metal elements and the metal radicals are in the range
57 to 72 weight percent iron, 10 to 15 percent nickel
and 16 to 21 percent chromium.

6. The transparent article of claim 3 wherein the
metal elements and the metal radicals are in the range
0.5 to 46 weight percent iron, 30 to 85 percent nickel
and 14 to 25 percent chromium.

7. The transparent article of claim 6 wherein the
metal elements and metal radicals are in the range 5 to
10 weight percent iron, 70 to 81 percent nickel and 14
to 17 percent chromium.

8. The transparent article of claim 3 wherein the
metal elements of the metal film are in the range 57 to
72 weight percent iron, 10 to 15 weight percent nickel
and 16 to 21 percent chromium, and the metal radicals
of the metal oxide film are in the range 5 to 10 weight
percent iron, 70 to 81 percent nickel and 14 to 17
percent chromium.

9. The transparent article of claim 3 wherein the
metal elements of the metal film are in the range 5 to
10 weight percent iron, 70 to 81 percent nickel, and 14
to 17 percent chromium, and the metal radicals of the
metal oxide film are in the range 57 to 72 weight per-
cent iron, 10 to 135 percent nickel, and 16 to 21 percent
chromium.

10. The transparent article of claim 3 wherein the
metal film lies between the substrate and the metal
oxide film.

11. The transparent article of claim 3 wherein the
metal oxide film lies between the substrate and the
metal film and further compnsing an overlayer for
protecting the metal film.

12, The transparent article of claim 11 wherein the
protective overlayer comprises a layer of metal oxides
wherein the metal radicals are predominantly iron,
nickel and chromium.

13. The transparent article of claim 3, wherein the
substrate 1s glass.

14. The transparent article of claim 3, wherein the
substrate 1s a polymeric material.

15. A method of rejecting solar energy while admit-
ting visible radiation to a structure having an opening,
comprising:

covering the opening with a transparent panel ac-

cording to claim 1.
¥ % ¥ k%
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